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A quorum - sensing signaling system essential for genetic competence 
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Ellen Richard P; Cvitkovitch Dennis G 
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Toronto, Ontario, Canada M5G 1G6 . street, 
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In a previous study, a quorum - sensing signaling system essential 
for genetic competence in Streptococcus mutans was identified 
characterized, and found to function optimally in biofilms (Li et al , j' 
Bacterid. 183:897-908, 2001). Here, we demonstrate that this system also 
plays a role in the ability of S. mutans to initiate biofilm formation. To 
test this hypothesis, S. mutans wild-type strain NG8 and its knockout 
mutants defective in comC, comD, comE, and comX, as well as a comCDE 
deletion mutant, were assayed for their ability to initiate biofilm 
formation. The spatial distribution and architecture of the biofilms were 
examined by scanning electron microscopy and confocal scanning laser 
microscopy. The results showed that inactivation of any of the individual 
genes under study resulted in the formation of an abnormal biofilm. The 
comC mutant unable to produce or secrete a competence-stimulating peptide 
(CSP) formed biofilms with altered architecture, whereas the comD and comE 
mutants, which were defective in sensing and responding to the CSP, formed 
biofilms with reduced biomass. Exogenous addition of the CSP and 
complementation with a plasmid containing the wild-type comC gene into 
the cultures restored the wild-type biofilm architecture of comC mutants 
but showed no effect on the comD, comE, or comX mutant biofilms. The fact 
that biofilms formed by comC mutants differed from the comD, comE, and comX 
mutant biofilms suggested that multiple signal transduction pathways were 
affected by CSP. Addition of synthetic CSP into the culture medium or 
introduction of the wild-type comC gene on a shuttle vector into the 
comCDE deletion mutant partially restored the wild-type biofilm 
architecture and further supported this idea. We conclude that the quorum 
- sensing signaling system essential for genetic competence in S. mutans 
is important for the formation of biofilms by this gram-positive organism 
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37/7/2 (Item 2 from file: 155) 

DIALOG (R) File 155 :MEDLINE (R) 

13096173 21874072 PMID: 11854465 

Quorum-sensing regulators control virulence gene expression in Vibrio 
cholerae . 

Zhu Jun; Miller Melissa B; Vance Russell E; Dziejman Michelle; Bassler 
Bonnie L; Mekalanos John J 

Department of Microbiology and Molecular Genetics, Harvard Medical 
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The production of virulence factors including cholera toxin and the 

xnrlue'nceTt 3 ^ ^ ^ ^ ** th °* m Vib " i0 Solera s n 

influenced by environmental conditions. The well-characterized ToxR sianaT 
transduction cascade is responsible for sensing and integrating the 
.envxronmental information and controlling the virulence regSn We s 
SrcnfJ addition to the known components of the ToxR signaling 

circuit, quorum - sensing regulators are involved in regulation of V 
cholerae virulence. We focused on the regulators LuxO and HapR becfule 
homologies of these two proteins control quorum sensing in the cloSeJv 
related luminous marine bacterium Vibrio harveyi. Using an infant mouse 

the sma W ll iTestl? * " ^ colonrLti^n of 

the small intestine. Gene arrays were used to profile transection in 

he' ^xf 0 ^ 6 "! 1UX ° mUtant - T " 6Se studLr?e C v Sed th t 

h- If regulon is repressed in the luxO mutant, and that this effect is 
mediated by another negative regulator, HapR. We show that LuxO repressed 
ha P R expression early in log-phase growth, and constitutive expression of 

^Ltv° Ck :f TOX o R t"L e r 10n ^ P r SSi ° n - ^° and HapR^egulate a 

variety of other cellular processes including motility, protease 
production and biofilm formation. Together these data suggest a 
quorum sensing in modulating expression of blocks of virulence aenes in 
a reciprocal fashion in vivo. genes ln 
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Nonenzymatic turnover of an Erwinia carotovora quorum - sensing 
signaling molecule. " y 

Byers Joseph T; Lucas Claire; Salmond George P C; Welch Martin 
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r,h^ 8 ^° ducti ° n . of virulence factors and carbapenem antibiotic in the 
phytopathogen Erwinia carotovora is under the control of quorum sensing 
. The quorum - sensing signaling molecule 

N- 3-oxohexanoyl)-L-homoserine lactone (OHHL) , accumulates in log-phase 

ZrTna e tlT*??*** °l *' Car ° tOVOra but diminishes in concentration 
oSm i, \ « ationary phase. In this study, we show that the diminution in 
°"^J a o sec ? uestration of the ligand by the cells, although some 

partitioning did occur. Rather, it was caused by degradation of the 
molecule. The rate of stationary-phase degradation of OHHL was as rapid „ 
the rate of log-phase accumulation of the ligand, but it was nonenzymatic 



unle/lhe^ol^TcZum s^inTS^ ^ *™ ^ *» be 

on the P H of the supernatant "'which ^0^3^ al T ^ 
progressed in cultures grown in Luri a R*^f !■ gr ° Wth Curve 

approximately 8.5. OHHL became unstahl'pn Bertani medium from pH 7 to 
Instability was increased at hia£ ^ J" 3 na "° W P " r3nge ( P H 7 to 8) . 
be prevented at the growt^^empSt^r noT" ^ n6Utral PH but COuld 
samples at pH 6.8. T Sse result! ll f ' 30 d ^ grees C > ^ buffering the 
observation that an early rlsponse of \ ■ \ rationale the 

Erwinia is to activate a D L £ k u P WhlCh are under att ack by 

to a P H of >8.2 P ° n P ™ P WhlCh alkali ^s the site of infection^ 
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dive«TTac«SaT 9 3 pe; i9 s" Zfl* ° f ; 0nUn °" ity beha "« *>"™^ «»°»9 

IS' I^ST^^TT^ ™ 

Depending upon the bacterid J educing levels of acyl-HSLs. 

regulated £y q uo\\m ^eSn rTe^emely ^verse^" 1 
bioluminescence to swarming motility Acvl-S aZ fr ° m 

receptors that recognize the arvl-HdT Q il„ = i „, I LHebls or ac y J - HSLs, the 
to the level of TJnl ■ S1 9 nal a "d transduce this information 

with L ! • 9 expression, and the interaction of these receptors 

acvl HST transcri P tlonal machinery. Recent studies have begun to "It grill 
"s role ^"L^"" 9 gl ° bal re ^ la tory networks and establish 

coLunrties. (120 Kefs" 9 ^ maintaining the structure of bacterid 
Record Date Created: 20011108 

37/7/5 (Item 5 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 



11176561 21189319 PMID: 11292813 
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Numerous gram-negative bacteria employ a cell-to r^n 
mechanism, termed quorum sensina for rl, i i 11 Slgnalin ^ 

response to population den!?," 9 4 J" ?° nt "J^ ng „, gene expression in 



— wwv CiCU xu ^cnericnia coli, and while pathogenic E coli nm^ Q 

the role o£ quorum sensing in nonpathogenic E . coli is less c ,„ ' ' 

Z no the th " e " "° i " t °™" i °" Warding the \ol o l\uoZ' seeing 

intercellular "c^tlST^ 9 St™ e^'in T^Si "j^i t '« 

L? lt Ba r "ler Sin ?ro a c Vib »atl h * r r y d "l 2 ~< « <=• SurLrfaT B 

cultures tabled a studv or SI T' US * 95 < ™ 6 - 7 «<>. "981. Chemostat 
transient responses "o a Ltetv f' 9 " 1 """ th "^ h «eady- 5 t,te and 
demonstrated tLt m" wH^^TS*^^;. ^Jf" 

transect?! * S expression of heterologous proteins in E. coli, the 
the \\~rieSonsf t^ndu^ ^r^ston'oH L T 

£S££T gar'and^n™ " 
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auorum ° PP ° rtUnistic P^hogenic bacterium Pseudomonas aeruginosa uses 

TeneT inelT 31 ^, Signaling S y stems as global regulators ul 

quorum-sensing-controlled genes are nnt a pH wa fT ensure that 

they are not useful. actuated m envrronments where 
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The quorum - sensing transcriptional regulator TraR reauires ii-^ 

d°r",ur nalin9 llgsnd for protei - ^ <— ™.fsss; s 

Zhu J; Winans S C 

Department of Microbiology, Cornell University, Ithaca, NY 14853 USA 
Proceedings of the National Academy of Sciences of the United States of 
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Complexes between the quorum-sensing regulator TraR and its inducino 
Ugand autoinducer (AAI) are soluble in Escherichia coli, whereat apo-Sal 
is almost completely insoluble. Here we show that the lack of soLSe Tral 
due in large part to rapid proteolysis, inasmuch as apo-TraR accumulated 

Pulse^LbSna " *" ^ at " in defici «* - Clp and Lon protases in 
pulse labeling experiments, AAI protected TraR against proteolysis onlv 
when it was added before the radiolabel. This observation inXcKes ?£? 
TraR proteins can productively bind AAI only during their own syndesis on 
polysomes whereas fully synthesized apo-TraR proLins are no? functional 
AAI receptors. Purified apo-TraR was rapidly degraded by trypsin to 
oligopeptides, whereas TraR-AAI complexes were more resistant to trypsin 
requireT mTo a£ dis ^\ -terdomain linkers, indicating that^raR 
requires AAI to attain its mature tertiary structure. TraR-AAI complexes 
eluted from a gel filtration column as dimers and bound DNA a^ dimers In 
contrast apo-TraR was monomeric, and incubation with AAI under a variety 
for tht fT« S ^ CaUSS diraerization - ^ conclude that AAI is critical 

fnd tLt ?i n? ? n ^ CSnt TraR Pr ° tein int ° itS mature tertiary structure 
and that full-length apo-TraR cannot productively bind AAI and is 
consequently targeted for rapid proteolysis. 
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biorUm^ gen6tiC of Streptococcus mutans growing in 

Li Y H; Lau P C; Lee J H; Ellen R P; Cvitkovitch D G 
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inarti^foH w • . Luebe genes m genetic competence, we 

a suicidf ^ = planktonic S. mutans cells. Donor DNft included 

anHhinMi ■ J biofilms could act as donors of a chromosomally encoded 

antibiotic resistance determinant. This work demonstrated that a 1? ! 
pheromone system controls genetic competence in s. mutans and thafJhe 
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aeruginosa 6 ° f " the in ViV ° ^ulence of Pseudomonas 

Rumbaugh K P; Griswold J A; Hamood A N 

Department of Microbiology and Immunology, Texas Tech. Universxty Health 



Sciences Center, 3601 4th St., Lubbock, Texas, 79430 USA 

£11 " iss» Sri, 1 ?;' i nsti r p " teur » <i«> 
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known as quorum senlSa i^r 3 7 ;^ 6 ^ 8 ^ si *»"»9 mechanisms 
including corneal, 1^^ loSf in^ons ^^•^T 

quorum-sensing systems contribute to the abil S n ' addition, the 

biofilms on medically important deviceS £ In' a6rUgin ° Sa to fo ™ 
accomplish their effect L quorum-sensing systems 

virulence factor"anf ^^nJpul^SrSrL^ ■ Pr ° dUCti ° n of different 
Record Date Created: 20^1^215 9 Umme res P° nse - ^ Refs.) 
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witf b,cter"ia e rbK f iiS alS indi ° a " that ^ Sib ^ •» -fected 

E " KJ SCh " f " A L; P "" k M K - T 0; »elsh H J; Greenberg 
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principal P . ^erugino sT* quorum -J ns^nflSaL^h^ ^ tW ° 

abundance of these sianals se nsing signals; however, the relative 

aeruginosa str in PAO I 1 k °PP oslt e to that of the standard P. 

arf L fZrf"' SUPP ° rt the thesis that P . aeruginosa 
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the ReC reLiSL a ort S hat in cel1 U t dieS ?f baCt6rial gene ^"ion have brought 
critical for ^cS«iur Jn? 0n,mU ;- Cati0n c™ 1 ^ beh -ior are 
Species-specific ce^Sl c£E££ is^ve^ 
pathogenic or syrrtoiotic interactions of a variety of bacts ? a J 

lactone quorum sensing in Gram-negative bacteria This tv DP of 

quorum sensing represents a dedicated communication system Sat enables 

s r tr ~ a " ^-"«= 

patho g gen°::is, 1S and co^unitT b ^vior'In^heT ^ ^ " Ml1 *' 
sensing is required for norLl^f Urn ma^ion ^for^ru^ce ^ 
are multiple quorum-sensing circuits that control the expression of 'dozens 

J PeC H n°, g ^ eS that re P resent Potential virulence loci. (49 RefsT 
Record Date Created: 20000905 Kers,) 
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repreIS" n ° f ^ fiSCheri ^"""iPtional activator, LuxR, to a 

Egland K A; Greenberg E P 

Department of Microbiology and Graduate Program in Molecular Bioloav 
Unrver S1 ty of Iowa, Iowa City, Iowa 52242, USA. noiecular Biology, 

Journal of bacteriology (UNITED STATES)' Feb 2000 182 n> nfin^ n 
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-seisinf r sv S tem Ch tL\ 1Umin ? SCe " C ! <1UX> ° Per ° n iS "gulated by a quorum 
sensing system that involves the transcriptional activator (LuxR) and an 

presencrofT ? 0 Signal " Trana «iPtional activation requires the 

centered 42 5 b-^" " verted , repeat termed the 1«* box at a position 
centered 4 2.5 bases upstream of the transcriptional start of the lux 



col!. Furthermore multiple lux boxes on an independent replicon reduced 

b^P, Pr H SS ° r / Ct r ity ° f LUXR - ThUS ' ifc a PP ears that LuxR c n d x 
boxes independently of RNA polymerase binding to the promoter reaion A 
variety of LuxR mutant proteins were studied, and with o t er 

was a correlation between function as a repressor of the artificial 
promoter and activation of a native lux operon. The exception wfsJhe 
truncated protein that had been purified and studied in vi ' ITotlTn 
functioned as an activator but not as a repressor in E . coli The da^a 
indicate that the mutual dependence of purified, truncated LuxR and Rn! 
polymerase on each other for binding to the lux promoter is a refturJ 

Record Date Created: 20000210 
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kinp^ir * Si r alin9 in Stre P to <=occus pneumoniae: implication of the 
kinetics of calcium transport. 
Trombe M C 

Universite Paul Sabatier, Laboratoire de Bacteriologie, Centre Hospitalo 
Umversitaire de Rangueil, Toulouse, France. trombe@CICTof r "^P^alo 
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The kinetics and pharmacological characterization of a Na+/Ca2+ exchanqe 
TrJS'n 6SSentlal f ° r the growth of the extracellular pathogen 
transPort CCU L ^ST" 8 , -^ia, demonstrated that^alcLm 

transport in addition to its role in calcium homeostasis, is involved in 

Sese resoonse, aUtol ^ sis ™* of competence for genetic transformation 
These responses are expressed respectively in cultures entering the 
stationary phase and growing with exponential rates. Experimental virulence 
also appears to be modulated by the kinetics of calcium transport 
Calcium transport in S. pneumoniae is electrogenic and shows sigmoidicity, 
indicating a cooperative mechanism with an inflexion point at 1 mM Ca2+ 
Mutant strains with Hill number values of 4 and 1, .compared to 2 in the 
wild-type strain, were isolated. These changes were associated with altered 
regulation of competence and autolysis, and also with reduced experimental 
virulence. By contrast, they could not be related to a specific calcium 
requirement for growth. This indicates that the cooperativity of Ca2 + 
15 ^ involved in vegetative growth, but rather regulates 
competence and autolysis. Competence and autolysis represent two 
growth-phase-dependent responses to an oligopeptide-activator exported to 
the medium, the competence-stimulating peptide. Addition of this activator 



to noncompetes cells triggers net and transient 45Ca2 + influx. One effect 
of the activator might be to activate a calcium transporter by enhancing 
its cooperativity. In addition to an increase in intracellular calcium I 

L r v nS be e or e th dePOlari ^ ti0n ±ndUCed by ele ^ro g enic calcium influx 

may be part of the signaling mechanism. The competence activator is a 
quorum - sensing molecule whose synthesis is autoregulated. This 
regulation might involve calcium-mediated signaling. As an extracellular^ 
concentration P? 6 ™ 0 " 1 " Pf obal >ly develops in niches with variable calcium 
concentration. Interestingly, virulence depends strongly upon the kinetics 
°Ly° transport Regulation of calcium influx may represent a common 

mechanism of sensing the environment, if the Na + /Ca2 + exchanger is the 
target for external mediators including the competence activator 
Record Date Created: 20000202 
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aeruginosf iCati ° n ° f 961163 COntrolled b ^ quorum sensing in Pseudomonas 
Whiteley M ; Lee K M ; Greenberg E P 
Department of Microbiology, University of Iowa, Iowa City, IA 52242 USA 
Proceedings of the National Academy of Sciences of the United States of 

America UNITED STATES) Nov 23 1999, 96 (24) P 13904-9, ISSN 0027-8424 

Journal Code: 7505876 
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Bacteria communicate with each other to coordinate expression of specific 
genes m a cell density-dependent fashion, a phenomenon called quorum 
sensing and response. Although we know that quorum sensing via acvl- 
homoserine lactone (HSL) signals controls expression of several 

virulence genes in the human pathogen Pseudomonas aeruginosa, the number 
and types of genes controlled by quorum sensing have not been studied 
systematically. We have constructed a library of random insertions in the 
chromosome of a P. aeruginosa acyl-HSL synthesis mutant by using a 
transposon containing a promoterless lacZ. This library was screened for 
acyl-HSL induction of lacZ. Thirty-nine quorum sensing- regulated genes 
were identified. The genes were organized into classes depending on the 
pattern of regulation . About half of the genes appear to be in seven 
operons, some seem organized in large patches on the genome. Many of the 
quorum sensing- regulated genes code for putative virulence factors or 
production of secondary metabolites. Many of the genes identified showed a 
high level of induction by acyl-HSL signaling. 
Record Date Created: 20000106 
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Plants genetically modified to produce N-acylhomoserine lact 



communicate with bacteria. 

GrSL„ R D G '' Thr ° UP J P '' Daykin Wallace A: Stewart G S; 
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N-acylhomoserine lactones (AHLs) play a critical ™1p in r,i=nw • 
interaction.? T h a but m / i y critical role m plant/microbe 

^nH,^ ' N - (3 -° xohexan oyD-L-homoserine lactone (OHHL) 

induces exoenzymes that degrade the plant cell wall by the pathogenic 
bacterxum Erwima carotovora. Conversely, the antifunga/activi^y oft^e 
biocontrol bacterxum Pseudomonas aureofaciens 30-84 is due (at e t 
part) to phenazine antibiotics whose synthesis is regulated bv 
N-hexanoylhomoserine lactone (HHL) . Targeting the product A 
synthase gene (yenl) from Yersinia enterocolitis to the chloroplasts of 

a mutation r„ the OHHL synthase gene , cart. The ability to general 
bacterial quorum - sensing signaling molecules in the planfolfers 
in«racSS tU " ltieS """" C °" tt01 "° d iai --eating pia«L"oL 
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a/^ZrL SPSCieS ° f ^ aCteria Use an ele ^ regulatory mechanism known 
eel, 7°17? sensing to control the expression of specific genes in a 
cell-density dependent manner. In Gram-negative bacteria, quorum sensing 



consist's 'ora'ho^r 9 " * c? 11 " 1 — 611 si ^al mo lecule (autoinducer ) that 
consists of a homoserme lactone with a fatty acid side rhain n't- 

obtains 36 ^ th - a ^unl.tic human pathogen P-^doS^SrS^.f'SiS 

contains two quorum sensing systems (las and rhl) that operate via th2 
autoinducers, N- (3-oxododecanoyl) -L- homoserine lactone and N-butSvl f 
homoserme lactone The shiriv «f <-v,~<, • ■. 7 Dutyryl-L- 
thev hinn " e • * ne stud y of thes e signal molecules has shown that 

^USLine ■i9~u n . is not restricted to 
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Acyl homoserine lactones (acyl-HSLs) are important intercellular 

Tent iv 9 in° 6CUleS USSd bY many baCtSria t0 m ° n?tor the - Population 
density m quorum -sensing control of gene expression. These sianals are 
synthesized by members of the Luxl family of proteins. To understand S 
mechanism of acyl-HSL synthesis we have purified the Pseudo.onas n 
Rhll protein and analyzed the kinetics of acyl-HSL synthesis by this 
enzyme. Purified Rhll catalyzes the synthesis of acyl-HSLs from acyLacyl 
carrier proteins and S-adenosylmethionine . An analysis of the patterns of 
Kauentiai H 10n H indicated that Rhl1 catalyzes signal synthesis by I 

to q Rhn as Z "t-TT° nmeC h , aniSm in WhiCh S-adenosylmethionine binds 
to Rhll as the initial step m the enzymatic mechanism. Because pathogenic 
bacteria such as P. aeruginosa use acyl-HSL signals to regulate virulence 
genes an understanding of the mechanism of signal synthesis and 
identification of inhibitors of signal synthesis has implicates for 
development of quorum sensing-targeted antivirulence molecules 
Record Date Created: 19990517 
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A variety of Gram-negative bacteria produce membrane permeant, acylated 
homoserine lactone (HL) pheromones that act as cell density cues. 

Synthesis and response to these factors requires proteins homologous to the 
Luxl acylhomoserine lactone synthase and the LuxR transcription factor from 
Vibrio fischen. Recent genetic and biochemical studies have begun to 
provide a mechanistic understanding of acyl HL dependent gene regulation 
Examination of the role of acyl HLs in diverse bacteria positions LuxR-Luxi 
type systems within an increasingly broad regulatory context and suggests 
Refs S ° me ° teria ' they com P ri se a global regulatory circuit. (59 
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Quorum sensing in Burkholderia cepacia: identification of the LuxRI 
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Burkholderia cepacia has emerged as an important pathogen in patients 
with cystic fibrosis. Many gram-negative pathogens regulate the 
production of extracellular virulence factors by a cell density-dependent 
mechanism termed quorum sensing, which involves production of diffusible 
N-acylated homoserine lactone signal molecules, called autoinducers 

Transposon insertion mutants of B. cepacia K56-2 which hyperproduced 
siderophores on chrome azurol S agar were identified. One mutant, K56-R2 
contained an insertion in a luxR homolog that was designated cepR The 
flanking DNA region was used to clone the wild-type copy of cepR. Sequence 
analysis revealed the presence of. cepl, a luxl homolog, located 727 bp 
upstream and divergently transcribed from cepR. A lux box-like sequence was 
identified upstream of cepl. CepR was 36% identical to Pseudomonas 
aeruginosa RhlR and 67% identical to SolR of Ralstonia solanacearum. Cepl 
was 38% identical to Rhll and 64% identical to Soli. K56-R2 demonstrated a 
67% increase in the production of the siderophore ornibactin, was protease 



extracellular virulence factor production by B cepacia 6 ^ Ulat ^ of 
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Competence is a physiological state, distinct from spoliation and 

DNA The T^' ^ ^ t0 Mnd and Eternalize transxoLing 

DNA. The transcriptional regulator ComK drives the development o? 

trK c'Stion "a 3 : 111 '?! ^ ±S -guired foTit own 

D ™ Wel1 aS for the transcription of the aenes that 

encode DNA transport proteins. When ComK is sequestered by bindina tnl 

to mP cZK °l IT pr ° teins . MecA »d Clpc, the positive feedback l oop Jead?ng 

sjrof-^Lnr 

P^~ 

experiments, that ComK accumulation is also regulated by proteolysis and 
that binding to MecA targets ComK for degradation by the ClpP protJase in 
association with ClpC. The release of ComK from binding by MecA and CloC 
Fonowina^ 3 ^ ^ S ^ thesized ' Protects ComK f^om proteolysiS' 

increased in l^Tn t ° f ^ ecA and CoraS degradation by ClpCP are 

rec^r ComK to ri r°» In thiS n ° VSl SyStem ' MecA «rves to 

recruit ComK to the ClpCP protease and connects ComK degradation to the 

quorum-sensing signal-transduction pathway, thereby regulaSnT a kev 

developmental process. This is the first regulated degradation system in 

which a specific targeting molecule serves sucS a function Y 

Record Date Created: 19990113 

37/7/21 (Item 21 from file: 155) 

DIALOG (R) File 155: MEDLINE (R) 

09860538 98284055 PMID: 9618536 

Quorum sensing in Escherichia coli and Salmonella typhimurium. 



Surette M G; Bassler B L 
Canada. ' ° rth WeSt ' Cal gary, Alberta, T2N-4N1, 

Journal Code: 7505876 ( 2) P 7046 " 50 ' ISSN 0027-8424 

Document type: Journal Article 
Languages : ENGLISH 
Main Citation Owner: NLM 
Record type: Completed 

produced b V E oli and 9 T I " SUgg6St that the signaling factor 

produce the sLalina ^""h ^ " bios ^ the tic machinery necessary 
quorS sensing in n^h SUbStance - plications for the involvement of 
quorum sensing m pathogenesis are discussed 
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mP rt7^ Yl ho ^ oserine lactone (AHL) molecules have been shown to act as 
mediators of population density-dependent (quorum-sensing Lnl 

X e Sude ln iir er ° US H G - m - ne ^ tive b -teria. Functions SSLd ITtl 
AHL include light production m Vibrio fischeri, expression of virulence 

tumeL'ciens 11 iT^** and conjugation in AgroSc^S™ 

cumeraciens. In nature, bacteria often grow as surf ace-adherent biofi 1 m 

AHTTt^Itv A :nd bi ° filmS tYPiCally C ° ntain hi * h concentraSLs^f "cell : 
AHL activity and quorum-sensing gene expression have been proposed as 



essential components of biofilm physiology. However oroof of n HT 
production within biof ilms has heretofore been lackina m In + * 
have employed a cross-feeding assay, using A, tumef aciens ' A136 ^tral^lacZ^ 
oLurrinrMrCod Ve t' rePOrter Str3in ' t0 Sh ° W the ^ tu 

AhT 9 detLte" if "LiL aq biof^ bi0fU rK gr0Wing ° n SUbme ^ 6d Stones 
Prese t in roc^cSn,^^^ ^^^^^ AHL 
activity in naturally occurring biof ilms. report of AHL 
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The importance of accurate demographic information is reflected in the 
United States Constitution, Article 1, which provides for a decennial 
census of this country's human population . Bacteria also conduct Snsus 
of their population and do so more frequently, more efficiently d 
far we know, with little if any of the political contentiousness cauled bv 
human demographers. Many examples have been found of particular bac^rial 
genes operons, or regulons that are expressed preferentially " hiS ceU 
I^uTt- r Y ° f , theseare regulated by proteins related to the LuxR 
and Luxl proteins of Vibrio fischeri, and by a diffusible pheromone called 

homoserinf! f ^ L °? *"* ^ "toinduce? (3-oxohe^nJy? 

Hpcrr k +k * lactone , designated VAI-1) provide an important model to 
V '/r'T ° f famlly ° f P rotei -. LuxR is a VAI-1 receptor 

and a VAI-l-dependent transcriptional activator, and Luxl directs the 
synthesis of VAI-1. VAI-1 diffuses across the bacterial envelope and 

ie rbf VA " D roT entrat H° n , S ° £ " before strongly incrSd by 

?a"o« ^ 9 bacteria. Similar systems regulate pathogenesis 

factors m Pseudomonas aeruginosa and Erwinia spp., as well as Tl olasmid 
conjugal transfer in Agrobacterium tumefaciensf and many other genes^n 
numerous genera of gram-negative bacteria. Genetic analysed of these 
systems have revealed a high degree of functional conservation? wh e also 
uncovering features that are unique to each. (106 Refs ) 
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lac^ ati ° n tt Cell -f°- Ce11 si 9 nals in quorum sensing: acyl homoserine 
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denary Tf^ 8 of ■ laCt ° ne 3ignalS t0 

response SyntheS o£ ?S re 9 u * atlon termed quorum sensing and 

gene of "Lctari Jm," 9 " d±reCted by h ° m ° l0gS ° f the luxi 

concerning th^ynS.-^ ^"^^^m J £ ^ "Y^ 3 
directly involved in signal synthesis-tn^ n™? UXl P roduct ^ 

lactone synthase- and Hi 7 fh2 k f J pr ° tein 13 an acyl homoserine 
synthesis are not' amino LIT S f Str * tes for acyl homoserine lactone 

degradation products, but rather therLf S^enoT? " fa " y * Cid 

acylated acyl carrier protein^ (ACP> % S - ade "° s ^ ethl ^ine (SAM) and an 
pathway. We purified a mlltntt V ( J ' ° m the fatty acid biosynthesis 
howe/ -at, ^^Hi^ 

s r ec?rs: is synL:L a oT n ^3 mose h rinf iact - - n^hS x is 

me syntnesis of N- ( 3-oxohexanoyl ) horaoserinp 
hexanoyl homoserine lactone The nuri f i Ji m = 7? £ !■ lactone and 

hexanoyl-ACP over ACPs with Tff t 9 6Vel ° f s P et =ificity for 

homoserine llrlnJl J differing acyl group lengths, and hexanoyl 
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faSor Vib iuxR fiS i!; eri lu ^ ne " ence ^nes are activated by the transcription 
ractor LuxR in combination with a diffusible signal compound 

sintheL^r^'set oT^T ' terned the autoiSducer? 7e have 

tie acT side h aU ^ olnducer analogs. Many analogs with alterations in 
acyl Sld e chain showed evidence of binding to LuxR. Some appeared to 



bind with an affinity similar to that of the autoinducer, but none showed a 
higher affinity, and many did not bind as tightly as the autoinducer. For 
the most part, compounds with substitutions in the homoserine lactone 
ring did not show evidence of binding to LuxR. The exceptions were 
compounds with a homocysteine thiolactone ring in place of the homoserine 
, . i aCt ° n ! „ ring - Mar, y but not 311 of the analogs showing evidence of LuxR 
binding had some ability to activate the luminescence genes. None were as 
active as the autoinducer. While most showed little ability to induce 
luminescence, a few analogs with rather conservative substitutions had 
appreciable activity. Under the conditions we employed, some of the analogs 
showing little or no ability to induce luminescence were inhibitors of the 
autoinducer. 

Record Date Created: 19960702 



37/7/26 (Item 26 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

08427325 95183491 PMID: 7878006 

A second N-acylhomoserine lactone signal produced by Pseudomonas 
aeruginosa . 

Pearson J P; Passador L; Iglewski B H; Greenberg E P 

Department of Microbiology, University of Iowa, Iowa City 52242 

Proceedings of the National Academy of Sciences of the United States of 
America (UNITED STATES) Feb 28 1995, 92 (5) pl490-4, ISSN 0027-8424 
Journal Code: 750587 6 

Contract/Grant No.: AI33713; AI; NIAID 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type : Completed 

Quorum sensing systems are used by a number of Gram-negative bacterial 
species to regulate specific sets of genes in a cell density-dependent 
manner. Quorum sensing involves synthesis and detection of extracellular 
signals termed autoinducers . As shown in recombinant Escherichia coli, the 
Pseudomonas aeruginosa autoinducer (PAI) N- ( 3-oxododecanoyl ) homoserine 

lactone , together with the lasR gene product, activate the P. aeruginosa 
lasB gene. In this study, PAI was shown to activate lasB-lacZ expression in 
a P. aeruginosa lasR mutant containing a plasmid with lasR under the 
control of the lac promoter. The concentration of PAI necessary for 
half-maximal activation of the lasB-lacZ fusion was approximately 1 microM, 
which is within the range of PAI levels found in P. aeruginosa culture 
fluids. The effect of PAI on a P. aeruginosa lasR mutant containing a 
plasmid with lasR under the control of its own promoter and containing the 
lasB-lacZ fusion was also tested. Although extracts of culture fluid 
activated the lasB promoter in this construct, concentrations of PAI as 
high as 10 microM did not. This indicates the presence of a second 
extracellular factor (factor 2) that is required for lasB activation in P. 
aeruginosa when lasR is controlled by its own promoter but not when lasR is 
controlled by a strong foreign promoter. Factor 2 was shown to be 
N-butyrylhomoserine lactone. Although recombinant E. coli cells containing 
the PAI synthase gene, lasl, produce PAI, these cells do not produce factor 
2. Furthermore, a P. aeruginosa mutant that produced about 0.1% of the 
wild-type level of PAI made about 5% of the wild-type level of factor 2. 
This indicates that factor 2 synthesis results from the activity of a gene 
product other than PAI synthase. The role of factor 2 in virulence gene 
regulation remains to be determined, but this compound may affect the 



expression of lasR, which in turn 
virulence genes in the presence of 
quorum sensing systems can occur and 
bacterial species. 
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sufficient PAI . Apparently, multiple 
interact with each other in a single 
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ABSTRACT: Synthesis and detection of acyl-homoserine lactones (AHLs) 

tnSJ^nT gram " ne ? ative bacteria to engage in quorum sensing , an 
intercellular signaling mechanism that activates differentiation to 
TadPnoLr? bi ° filralif estyles. The AHL synthases catalyze acylation of 
S-adenosyl-L-methionme by acyl-acyl carrier protein and lactonization of 
the methionine moiety to give AHLs. The crystal structure of the AHL 
synthase, Esal, determined at 1 . 8 ANG resolution, reveals a remarkable 
structural similarity to the N-acetyltransf erases and defines a common 
phosphopantetheine binding fold as the catalytic core. Critical residues 
responsible for catalysis and acyl chain specificity have been identified 

in vivo^A H SUbStr f 6 C ° mpleX ^ Verified thrOU ^ functional analysis 
? h" Ame f ani f m for the N-acylation of S-adenosyl-L-methionine by 

J-oxo-nexanoyl-acyl carrier protein is proposed. 
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(aSs) : l"7 ny ^am-negatxve bacteria, acyl homoserine lactones 

inhibitors . Such compounds would have considerable I!! P roduce 

quorum sensing. I„ thls bioass^ potential bl > r,slul "? d ^ 
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ABSTRACT: In a previous study, we identified and characterized a cell-cell 
signaling system essential for genetic competence in Streptococcus 
mutans. This system consists of five gene products, a ept ° C ° CCUS 
competence-stimulating peptide (CSP) encoded by comC, its dedicated 

coaSi° n 3PParatUS (C0mAB >' its histidine kinase receptor (ComD) and the 
cognate response regulator (ComE) . We demonstrated that this quorum 
sensing system functioned optimally when the cells were living in 
in til X ^? 9 ? io ; ilmS ' siting that this system might play a role 
m the development of S. mutans biofilms. To test this hypothesis a 

comAB cT n 7 ta T Strain (NG8) indivi ^l »uta„t, defection 

SSL ^ were * ssa y ed for ^eir ability to form biofilm. 

Spatial distribution and architecture of biofilms were examined bv 
scanning electron microscopy (SEM) . Growth rates of the 

planktomcally-grown cultures were also measured. The results showed that 



disruption of any of the genes under study resulted in a defect in 
biofilm formation. The comD and comE mutants had a two-foL decrease in 

JiS "web ?fii^ ^ ? Y th6Se mUtantS a PP ea "d to be clumped together 
with web-like' micro-colonies. Addition of the svnthetir c<^p + n n l . 

~« ^e wild-type biof 11^^^?^^^ 
ZllJ J variation m biofilm structure was likely due to 

formation of extremely long chains by these mutants, suggesting a link 

We "n'cluSe 8 th ^ ™* ^ negation d^rin "d'i Vision . 

we conclude that the quorum - sensing signaling system essential for 

ITof ims C b; P t e hi e s Ce " S> " alS ° inVOlV6d ln th * Nation of 

Dioriims by this organism. 



37/7/30 (Item 4 from file: 5) 

DIALOG (R) File 5:Biosis Previews (R) 
(c) 2002 BIOSIS. All rts. reserv. 

13547719 BIOSIS NO. : 200200176540 

De pne C umo°phil f a N " aCyl h0mOSerlne ^one expression in Legionella 
AUTHOR: Zeigler S D(a); Pruckler J; Barbaree J M(a); Fields B S 
AUTHOR ADDRESS: (a)Auburn University, Auburn, AL-USA 

JOURNAL : Abstracts of the General Meeting of the American Society for 
Microbiology lOlplOO 2001 society tor 

MEDIUM: print 

CONFERENCE/MEETING: 101st General Meeting of the American Society for 
Microbiology Orlando, FL, USA May 20-24 2001 society tor 
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RECORD TYPE: Abstract 
LANGUAGE: English 

AB cor^eIate U viruL S n^ th ° genS kn °™ t0 Gmpl ° y genet±C danisms that 

correlate virulence gene expression with a critical cell density This 
phenomenon, known as quorum sensinrr i mm ,„ ot . , . y ' lnis 

thai- „hh, 0 . o- ^ UU£ura sensing , involves a communication module 

that utilizes signaling compounds generically referred to as N-acyl 
homosenne lactones (AHL) . In order to determine if the intracellular 
pathogen Legionella pneumophila is a producer of AHL, and subject to 

S^ct^h^ 6 e *P reSsion ' biosensor drains were used to 

detect the presence of exogenous AHL, known as the autoinducer. The four 
strains which include Chromobacterium violaceum CV026, Agrobacterium 
tumefaciens NT1 (p Z LR 4 ), and two recombinant Pseudomonas aeruginosa 
sensors Escherichia coli pKDT17 (PAI-1) and E. coli pECP61.5 Ipai-2) 
were used to determine the presence of AHL in cell-free culture 

llTATr-T 3 ' ^ri:^ f u P ernatants «ere prepared from L. pneumophila 
RI243 grown in ACES broth and supplemented AB broth. When the 
supernatants were subjected to qualitative detection by standard plate 
overlay assay and AHL quantitation by Miller Beta-galactosidase assays, 
the results clearly showed that the L. pneumophila cultures grown in 
vitro produced no detectable autoinducer. In addition, testing of 
distilled culture extracts by thin layer chromatography (TLC) failed to 
detect any autoinducer signaling compound. While the bioassay strains 



presence of AHL in ^ PreSenCe h °f both wild type and synthetic AHL, the 
Thereto™ , « pneumophila extracts could not be demonstrated. 

Therefore, we conclude that N-acyl homoserine lactone is not produced bv 
L. pneumophila when grown in vitro. produced by 
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LANGUAGE: English 

ABSTRACT : In many Gram-negative bacteria, autoinducers, such as N-acyl-L- 
STrpn n S i acyl - HSL) and its derivative molecules, mediate 

t H I r , ePe expression of certain operons. The current 

study identified the autoinducers produced by Burkholderia cepacia G4, a 
tnchloroethylene-degrading lagoon isolate, using TLC bioassays with 

rint/ H 1Um .iT faCienS NT1 <P DCI41E33 > and Chromobacterium violaceum 
CV026, and a GC-MS analysis. The Rf and Rt values and mass spectra were 
compared with those of synthetic compounds. Based on the analyses, it was 

Tcf^i f 04 ^° dUCeS N - he * an °yl <C6>-, N-octanoyl (C8)-f N-decano" 
(C10)-, N-dodecanoyl (C12J-HSL, and an unknown active species The 
integration of the GC peak areas exhibited a ratio of 

C8-HSL:C10-HSL:C12-HSL at 3:17:1 with C6-HSL and C10-HSL production at 
trace and micromolar levels, respectively, in the culture supernatants 
Mutants partially defective in producing acyl-HSLs were also partiaUy' 
tr^r, l V \t U , I bios y n thesi S of an antibiotic substance. These results 
indicate that the automducer-dependent gene regulation in G4 is 

cys'tic'fibrosis^ Cl±niCal ^ C8PaCia StrainS ±S ° lated fr ° m patients wit h 
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Academic Press Ltd., Harcourt Place, 32 Jamestown Road, 
London, NW1 7BY, UK 
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Quorum sensing in Vibrio fischeri: Elements of the luxl promoter 
Egland K.A.; Greenberg E.P. 

E.P. Greenberg, Department of Microbiology, Graduate Program Molecular 
Biology, University of Iowa, Iowa City, IA 52242 United States 
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Although cell density-dependent regulation of the luminescence genes in 
Vibrio fischeri is a model for quorum sensing in Gram-negative bacteria, 
relatively little is known about the promoter of the luminescence operon 
The luminescence operon is activated by the LuxR protein, which requires a 
diffusible acyl- homoserine lactone signal. The lux box, a 20 bp 
inverted repeat, is located in the luxl promoter region and is required for 
LuxR-dependent induction of the luminescence genes. Using primer extension 
we mapped the LuxR-dependent transcriptional start site of the lux operon 
to 19 bp upstream of the luxl start codon. This indicates that the lux box 
is centred at -42.5 bp from the start of transcription. To gain evidence 
about the location of the -10 sequence, we placed a consensus -35 hexamer 
at different locations relative to the luxl transcriptional start site and 
measured constitutive levels of luminescence in recombinant Escherichia 
coli. The strongest constitutive promoter contained a TATAGT hexamer 17 bp 
from the -35 consensus sequence and 6 bp from the transcriptional start 
site. We propose that this is the -10 hexamer. Also in recombinant E. coli, 
both half-sites of the lux box were required for LuxR-dependent gene 
activation and for activation by an autoinducer-independent , monomeric LuxR 
deletion protein. LuxR-dependent activation of luminescence was eliminated 
when the lux box was centred at -47.5, -52.5 and -62.5 with respect to the 
luxl transcriptional start site. Our evidence, taken together with other 
information, points to a model in which a LuxR dimer overlaps the -35 
region of the luxl promoter and functions as an ambidextrous activator with 
each LuxR subunit interacting with a different region of RNA polymerase. 
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Rhodobacter sphaeroides is a free-living, photoheterotrophic bacterium 
known for its genomic and metabolic complexity. We have discovered that 
this purple photosynthetic organism possesses a quorum-sensing system. 
Quorum sensing occurs in a number of eukaryotic host-associated 
gram-negative bacteria. In these bacteria there are two genes required for 
quorum sensing, the luxR and luxl homologs, and there is an acylhomoserine 
lactone signal molecule synthesized by the product of the luxl homolog. In 
R. sphaeroides, synthesis of a novel homoserine lactone signal, 
7,8-cis-N- (tetradecenoyl) homoserine lactone , is directed by a' luxl 
homolog termed cerl . Two open reading frames immediately upstream of cerl 
are proposed to be components of the quorum-sensing system. The first of 
these is a luxR homolog termed cerR, and the second is a small open reading 
frame of 159 bp. Inactivation of cerl in R. sphaeroides results in mucoid 
colony formation on agar and formation of large aggregates of cells in 
liquid cultures. Clumping of Cerl mutants in liquid culture is reversible 
upon addition of the acylhomoserine lactone signal and represents a 
phenotype unlike those controlled by quorum sensing in other bacteria. 
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Quorum sensing in bacteria: The LuxR-LuxI family of cell density- 
responsive transcriptional regulators 
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A quorum sensing-associated virulence gene of Pseudomonas aeruginosa 
mechanism transcription regulator with a unique self-regu"tory 

AUTHOR(S): Cao, Hui; Krishnan, Gomathi; Goumnerov, Boyan; Tsonqalis John 
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IDENTIFIERS: quorum sensing signaling virulence gene mvfR Pseudomonas, 

Pseudomonas LysR like transcription factor MvfR virulence 
DESCRIPTORS: 

Transcriptional regulation. . . 

activation, of phnAB operon, by MvfR; quorum sensing-assocd. virulence 
gene of Pseudomonas aeruginosa encodes LysR-like transcription 
regulator with unique self-regulatory mechanism 

Transcription factors... 

MvfR (multiple virulence factor Regulator), LysR-like; quorum 
sensing-assocd. virulence gene of Pseudomonas aeruginosa encodes 
LysR-like transcription regulator with unique self-regulatory mechanism 

Gene, microbial. . . 

mvfR; quorum sensing-assocd. virulence gene of Pseudomonas aeruginosa 
encodes LysR-like transcription regulator with unique self-regulatory 
mechanism 
Operon. . . 

phnAB, activation, by MvfR; quorum sensing-assocd. virulence gene of 
Pseudomonas aeruginosa encodes LysR-like transcription regulator with 
unique self-regulatory mechanism 

Signal transduction, biological . . . 

quorum sensing, , MvfR as indispensable player in; quorum 
sensing-assocd. virulence gene of Pseudomonas aeruginosa encodes 
LysR-like transcription regulator with unique self-regulatory mechanism 

Pseudomonas aeruginosa... Virulence (microbial) 

quorum sensing-assocd. virulence gene of Pseudomonas aeruginosa encodes 
CAs'REGIST^'NUMBERsf 1011 regUlat ° r ^ """"^ory mechanism 

85-66-5 biosynthetic pathway, and MvfR; quorum sensing-assocd. virulence 
gene of Pseudomonas aeruginosa encodes LysR-like transcription 
regulator with unique self-regulatory mechanism 

9004-06-2 9013-93-8 108985-27-9 MvfR controls prodn . of; quorum 
sensing-assocd. virulence gene of Pseudomonas aeruginosa encodes 

ic:oQ^ SR ~ llke transcri P tion regulator with unique self -regulatory mechanism 

152833-54-0 PAI-1 (P. aeruginosa autoinducer) , MvfR controls prodn. of; 

quorum sensing-assocd. virulence gene of Pseudomonas aeruginosa encodes 
LysR-like transcription regulator with unique self-regulatory mechanism 
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IDENTIFIERS: Carnobacterium quorumsensing signaling peptide 

-"SlS.'"^' ° bnR CbnK baCteri ° Cin Carnobacterium 
DESCRIPTORS: 

Transcriptional regulation... 

activation; two signaling peptides and one sensor-transmitter are 
Z^VZl 0 ™ 90 ^ Si ^-^^on cascade in Carnobacterium 

Promoter (genetic element) . . . 

f*' ?f and .^nR regulation of; two signaling peptides and one 
sensor-transmitter are involved two-component signal-transduction 
cascade in Carnobacterium piscicola LV17B 
Gene, microbial . . . 

CbnK; two signaling peptides and one sensor-transmitter are involved 
two-component signal-transduction cascade in Carnobacterium piscicola 

Gene, microbial . . . 

cbnR; two signaling peptides and one sensor-transmitter are involved 
two-component signal-transduction cascade in Carnobacterium piscicola 

Gene, microbial . . . 

cbnS; two signaling peptides and one sensor-transmitter are involved 
two-component signal-transduction cascade in Carnobacterium piscicola 

Bacteriocins . . . 

CS, CB2; two signaling peptides and one sensor-transmitter are involved 
two-component signal-transduction cascade in Carnobacterium piscicola 

Peptides, biological studies... 

CS, gene cbnS; two signaling peptides and one sensor-transmitter are 
pilcicola lSi^ 011811 ' si S nal " transducti ™ cascade in Carnobacterium 

Proteins ... 

gene CbnK; two signaling peptides and one sensor-transmitter are 
involved two-component signal-transduction cascade in Carnobacterium 
piscicola LV17B 
Proteins . . . 

gene CbnR; two signaling peptides and one sensor-transmitter are 
involved two-component signal-transduction cascade in Carnobacterium 
piscicola LV17B 

Signal transduction, biological .. . 

quorum-sensing; two signaling peptides and one sensor-transmitter are 
involved two-component signal-transduction cascade in Carnobacterium 



piscicola LV17B 
Carnobacterium piscicola. . . 

two-component signal-transduction cascade in Carnobacterium piscicola 

LVl/B: two signaling peptides and one sensor-transmitter 
CAS REGISTRY NUMBERS: 
410071-70-4 amino acid sequence; two signaling peptides and one 

sensor-transmitter are involved two-component signal-transduction 

cascade in Carnobacterium piscicola LV17B 
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IDENTIFIERS: Escherichia heterologous protein expression metabolic stress 
quorum signaling 

DESCRIPTORS: 
Antibodies . . . 

antibotulinal toxin fragment; quorum signaling via AI-2 communicates 

metabolic burden" assocd. with heterologous protein prodn in 
Escherichia coli 
Proteins ... 

autoinducer 2; quorum signaling via AI-2 communicates "metabolic 
burden" assocd. with heterologous protein prodn. in Escherichia coli 
Fermentation. ... 

batch; quorum signaling via AI-2 communicates "metabolic burden" 
assocd. with heterologous protein prodn. in Escherichia coli 
Proteins . . . 

coat from Tobacco mosaic virus; quorum signaling via AI-2 communicates 

metabolic burden" assocd. with heterologous protein prodn in 
Escherichia coli 
Fermentation. . . 

fed-batch; quorum signaling via AI-2 communicates "metabolic burden" 
assocd. with heterologous protein prodn. in Escherichia coli 
Reporter gene . . . 

gfp; quorum signaling via AI-2 communicates "metabolic burden" assocd 
with heterologous protein prodn. in Escherichia coli 
Proteins . . . 

green fluorescent, reporter activity; quorum signaling via AI-2 
communicates "metabolic burden" assocd. with heterologous protein 
prodn. in Escherichia coli 
Stress, microbial . . . 

heterologous protein expression; quorum signaling via AI-2 communicates 
metabolic burden" assocd. with heterologous protein prodn. in 



Escherichia coli 
Interleukin 2 . . . 



human; quorum signaling via AI-2 communicates "metabolic burden" 
,al tr a ;,H ?■ et K r °!° gOUS Pr ° tein Pr ° dn - in Escherichia coli 



Signal transduction, biological . 

quorum sensing; quorum signaling via AI-2 communicates "metabolic 
Escherichia colT^ ^ P^ein prodn. in EscheriS^coli 

quorum signaling via AI-2 communicates "metabolic burden" assocd with 
heterologous protein prodn. in Escherichia coli assocd. with 

Proteins . . . 

VPS, from Infectious bursal disease virus; quorum signaling via AI-2 

CAS REGISTRY NUMBERS: 

9040 bn'H 7P .- 11769 5- 12 7 1P signaling via AI-2 communicates "metabolic 

burden" assocd. with heterologous protein prodn. in Escherichia coli 
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^! rial; - qU ° rU K- SenSing ln 9 rai ™3- bacteria as important signaling 
mechanism m symbiosis and disease y 9 

Gram-negative bacteria... Signal transduction, biological .. . Symbiosis 

z~o7^v:zzir- bacteria as important sig - iing 
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IDENTIFIERS: sequence Pseudomonas quorum sensing signaling controlled 
gene, quorum sensing promoter reporter gene recombinant bacteria 

bactericide screening Ud 

DESCRIPTORS : 
Gene, microbial . . . 

ME1 quotum sensing promoter-linked; quorum sensing-controlled genes 

quorTsTr", T^llT ldentityi ° 9 SU=h — »" d -*■!«<>» o. 

Gene, microbial . . . 

ADE2, quorum sensing promoter-linked; quorum sensing-controlled genes 

Gene, microbial . . . 

ADE3, quorum sensing promoter-linked; quorum sensing-oontrolled genes 

IL~T„1 X" fot identi£ying auch 96MS Md "° dul "°- °' 

Gene, microbial . . . 

ADE4 quorum sensing promoter-linked; quorum sensing-controlled genes 

quo—s^g lde " tl,y1 " 9 ~~ ^ — « 

Gene, microbial . . . 

ADE5, quorum sensing promoter-linked; quorum sensing-oontrolled genes 

guor™^ X" £ " ide " tifyi " 9 =UCh — ™°" or 

Gene, microbial. . . 

ADE7, quorum sensing promoter-linked; quorum sensing-controlled genes 

Gene, microbial . . . 

ADE8 quorum sensing promoter-linked; quorum sensing-controlled genes 
of Pseudomonas and methods for identifying such genes and modulators of 
quorum sensing signaling iawrs ° £ 

Gene, microbial . . . 

of I' SSnS t ng P romoter -linKed; quorum sensing-controlled genes 

of Pseudomonas and methods for identifying such genes and modulators of 
quorum sensing signaling uj.ai.uLi> or 

Gene, microbial . . . 

ARG3, quorum sensing promoter-linked; quorum sensing-controlled genes 
of Pseudomonas and methods for identifying such genes and modulators of 
quorum sensing signaling oi-uls ui 

Gene, microbial . . . 

ARG4, quorum sensing promoter-linked; quorum sensing-controlled genes 

auorum U sen^n S ^ identif y in S such genes and modulators of 

quorum sensing signaling 
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ARCS, quorum sensing promoter-linked; quorum sensing-controlled genes 

Gene, microbial . . , 

ARG6 quorum sensing promoter-linked; quorum sensing-controlled genes 

Gene,microbial . . . 

ARG8 quorum sensing promoter-linked; quorum sensing-oontrolled genes 
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Gene, microbial . . . 

AR02, quorum sensing promoter-linked; quorum sensing-controlled genes 

Gene, microbial . . . 

AR07, quorum sensing promoter-linked; quorum sensing-controlled genes 
of Pseudomonas and methods for identifying such genes and module???! of 
quorum sensing signaling wrs 01 

Gene, microbial . . . 

ASP3, quorum sensing promoter-linked; quorum sensing-controlled genes 
of Pseudomonas and methods for identifying such genes and modulators of 
quorum sensing signaling cors ot 

Gene, microbial . . . 

BAR1, quorum sensing promoter-linked; quorum sensing-controlled genes 
of Pseudomonas and methods for identifying such genes and modulators of 
quorum sensing signaling u-Lctuuii, ox 
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cat quorum sensing promoter-linked; quorum sensing-controlled genes of 
Pseudomonas and methods for identifying such genesand modulators of 

quorum sensing signaling 
Gene, microbial . . . 

CHOI, quorum sensing promoter-linked; quorum sensing-controlled genes 
of Pseudomonas and methods for identifying such genes and modulators of 
quorum sensing signaling auuit, ox 

Gene, microbial. . . 

cys-3, quorum sensing promoter-linked; quorum sensing-controlled genes 
of Pseudomonas and methods for identifying such genes and modulators of 
quorum sensing signaling 01 
Gene, microbial . . . 

GAL1, quorum sensing promoter-linked; quorum sensing-controlled genes 
of Pseudomonas and methods for identifying such genes and modulators of 
quorum sensing signaling a^xa ui 

Gene, microbial . . . 

GAL10, quorum sensing promoter-linked; quorum sensing-controlled genes 
of Pseudomonas and methods for identifying such genes and modulators of 
quorum sensing signaling 
Gene, microbial. . . 

GAL7, quorum sensing promoter-linked; quorum sensing-controlled genes 
of Pseudomonas and methods for identifying such genes and modulators of 
quorum sensing signaling 
Gene, microbial . . . 

GFP quorum sensing promoter-linked; quorum sensing-controlled genes of 
Pseudomonas and methods for identifying such genes and modulators of 
quorum sensing signaling 
Gene, microbial . . . 



, microbial . . . 



quorum sensing signaling 
Gene, microbial . . . 

HIS4 quorum sensing promoter-linked; quorum sensing-controlled genes 

qucrT^ng Z~ identify1 "' S "° h - L «" 

Gene, microbial. . . 
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Gene, microbial . . . 
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Gene, microbial ... 
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Gene, microbial . . . 
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NOVELTY - Quinoline, benzopyran and benzothiopyran derivatives (I) 

DETAILED DESCRIPTION - Quinoline, benzopyran and benzothiopyran 
derivatives of formula (I) and their salts are new. 
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R5=H, SH, OH, OR6 or NR7R8; 
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R7, R8=H, 1-4C alkyl, O or S; 



X, Y'=S, 0 or NR9; 

R9=H, 0, S or 1-4C alkyl; and 

Q=tail group. 
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generate a detectable signal ^ M aUt ° ind — -lecule S o as to ' 

abseil oTrSs^cSSoSS; a^f aUt0i — ^ "e or 

t.-t^^SV £ES t £ M a d n et r t tabl ! Signal t0 ide -i fy the 

(3) regulating the expressiof of aUt ° lnducer ™lecule in bacteria; 
(i) inserting a gene into" Lrt ■ T * " bacteria involving: 
expression usingV, h enhances th^" 6nhancement of gene 

RhlR protein; and enhances the activity of the LasR and/or 

involving providing bacterid ™™ 9 Slgnalln 9 in bacteria 

bacteria is »„d„l,S qU ° rU ™ """"^ "9nali„ 9 in 

USE - (I) inhibits the infectivity of Pseudomonas 

of middle ear Section enra > 9 "* baCteria " the treatment 

prostatitis. ln£eCtl ° n ' osteomyelitis, acne, dental cavities and 

ADVANTAGE - (I) rea iil^ P c 

(I) inhibits tL activity "f at iL^, ° f Pseudom onas aeruginosa, 

regulates expression of virulence fTctorT^^T/ 9 ^™ that 
the microorganism to initianHnf f ct or furtLr T ° f 
e.g. Pseudomonas aeruginosa. further infect an organism 
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DETAILED DESCRIPTION - A method mT"^ baCteria ' *ew. 
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(1) Providing a'cell whS comprised '"^^^ing: 
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(2) contactina the ppI i w'-f-K ' 

the presence , nd L.nce^or a "^ s « c= -sin, signai „ lecule in 

test co^nTa"! I tSairVr^' 8 3i9Ml t0 tta 
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(b) an isolated nucleic acid ioiecuii ?m? w^"* Specificati <-) ; 
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aeruginosa aTle^a'rT^ ^ ^ ° f P " 

controlled genetic Jocus of theT"" regUlates a ^™ sensing 
comprises a nucleotide sequence selec^TSm (S^S^^ ?* ^ 
sequ^ce; 3 reP ° rter "™ ^ ^h^r^tory 

sensing c^jrolrefg^rc^o^us" ^ * ^orum 

aeruginosa, or a sequel ^ wit^^t^Ifg^^/^.f-- ° f P " 
comprises a nucleotide seouenrV L ! , ! identity (the locus 
linked to a reporter gene selected from (S1)-(S36)), operatively 

(d) an isolated nucleic'acid molecule (V, comprising a 



(the 



SSSnTS- .^^^ conditions to the 

controlled genetic locus deS^S ?^?f" lng " qU ° rUm aensi "9 
locus comprises a nucleotide sequence U TTl ° f P " ae ™gino 5 a 
operatively linked to a report^ gene from < S1 >-<S36>>, 

S a S^^^rl^ ^ and 
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